The aim of this article is to describe the formulation of the quarter-sweep iterative alternating decomposition explicit (QSIADE) method using the finite difference approach for solving one-dimensional diffusion equations. The concept of the QSIADE method is inspired via combination between the quarter-sweep iterative and the iterative alternating decomposition explicit (IADE) methods known as one of the technique in two-step iterative methods. The QSIADE method has been shown to be very fast as compared with the standard IADE method. Some numerical tests were included to support our statement.
INTRODUCTION
The quarter-sweep iterative method was initiated recently by Othman and Abdullah [1] . However, the concept of this method is the extension of the half-sweep iterative method, which is inspired by Abdullah [2] through the explicit decoupled group iterative method to solve the two-dimensional Poisson equation.
The quarter-sweep method in this article is combined with the iterative alternating decomposition explicit (IADE) method [3] to form a new two-step iterative method called the quarter-sweep iterative alternating decomposition explicit (QSIADE) method. Apart from this IADE method, we can also apply the quarter-sweep iterative onto other two-step iterative methods such as the min arithmetic [4] , the alternating group explicit (AGE) [5] and the reduced iterative alternating decomposition explicit (RIADE) [6] methods.
To show the ability of the QSIADE method, let us consider the one-dimensional diffusion equation stated as
subject to the initial condition U(x, t) = g 1 (x), a ≤ x ≤ b, and the boundary conditions
which α is a diffusion parameter.
To obtain the formulation of the finite difference approximation equation in case of the full-, half-and quarter-sweep iteratives over the problem (1) , assume that the solution domain (1) can be uniformly partitioned into (n + 1) and M subintervals in the x and t directions, respectively. Each subinterval in the x and t directions, denoted by x and t, respectively, is uniform and defined as
FORMULATION OF THE QUARTER-SWEEP FINITE DIFFERENCE APPROXIMATION
In order to obtain the finite grid networks for formulation of the full-, half-and quartersweep finite difference approximation equations over the problem as stated in Eq. (1), let us refer to Figure 1 . Even though there are three iterative schemes that can be considered, such as full-, half-and quarter-sweeps, implementation of these iteratives will involve type of nod points, as shown in Figure 1 . Based on Figure 1 , it seems that the implementation of the quarter-sweep iterative method just involves by nearly one-quarter of whole inner points as shown in Figure 1 (c) compared with the full-sweep iterative method. The approximated solution at remain points either the half-or quarter-sweep case can be computed directly [1, 2, 7, 8] .
In this article, we derive the formulation of three iterative schemes via the finite difference method. Therefore, by using the central difference and Crank-Nicolson approaches, the full-, half-and quarter-sweep finite difference approximation equations, considered at the (j + 1) time level, can generally be expressed as
where The value of p, which corresponds to 1, 2 and 4, represents the full-, half-and quarter-sweep cases, respectively. By rewriting Eq. (3) in the matrix form, a system of linear equation can stated as
where
Moreover, the Gauss-Seidel (GS) method acts as the control method of numerical results.
FORMULATION OF THE QIADE METHOD
To derive the formulations of the full-, half-and quarter-sweep IADE methods, namely, FSIADE, HSIADE and QSIADE, respectively, let us consider the system of Eq. (4) in case of p = 1, 2, 4. Hence, the scheme of these methods via the Mitchell-Fairweather variant [3, 6] can be shown as
where r, k and I represent an acceleration parameter, the k iterations and an identity matrix, respectively, and the relation of g and r is given by g = (6 + r)/6. In fact, formulations of the FSIADE and HSIADE methods assume that the coefficient matrix, A β , of Eq. (4) can be decomposed generally as
.
The three schemes of the IADE method onto Eq. (6) can be shown by determining values of G 1 and G 2 matrixes as follows:
e i+p = 6 5
Algorithms for these three schemes at level (k + 1/2) and level (k + 1) are explicitly implemented by using Eqs. (8) and (9) along with points in the interval [a, b] until the specified convergence criterion is satisfied.
for i = 1p, 2p, . . . , (m/p) − 1p, where 
, where
NUMERICAL EXPERIMENTS
To prove the efficiency of the implementation of the QSIADE scheme as derived in Eq. (5), which is based on the approximation equation in Eq. (3), some numerical experiments are conducted to solve the one-dimensional diffusion equation as follows:
The initial and boundary conditions and exact solution of the problem (10) are given by
All results of numerical experiments, which were gained from implementations of the GS, FSIADE, HSIADE and QSIADE algorithms have been recorded in Table I . In implementations mentioned earlier, the convergence test considered the tolerance error ε = 10 −10 . Figures 2  and 3 show the number of iterations and execution time against grid size, respectively. 
CONCLUSION
From Table I and Figure 2 , it is found that the number of iterations decreased by approximately 52-90% and 23-80%, respectively, correspond to the QSIADE (r optimum) and HSIADE (r optimum) algorithms compared with the FSIADE (r = 0.6) algorithm. In addition, the execution time against the grid size of both the QSIADE (r optimum) and HSIADE (r optimum) algorithms are much faster, approximately 87-97% and 59-90%, respectively, than the FSIADE algorithm (Fig. 3) .
As a conclusion, the numerical results prove that the QSIADE algorithm is more superior in terms of the number of iterations and the execution time than the FSIADE or HSIADE algorithm. This is because the number of mesh points involved in the iteration process of the QSIADE algorithm is less than that of the FSIADE or HSIADE algorithms.
